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Science of Photography: Part 1

The history of photography is an interesting story of

technological development - advancements which began in

the first half of the 16th century and continue to this day. lt is
also a story about artistic and aesthetic concerns.

Today, with the availability of instant photographs and CCD

digital cameras it is hard to imagine a time before

photography and the camera.

Practical photography began in 1gth century. Colour

photography in the 1930's. Transistors and solid state

electronics (the basis behind the Charge Couple Device and

the video camera) are but 50 years old. Digital cameras are

a development of only the past few decades.

where film cameras were once precision engineered

instruments, with the onset of modern material science and

mass production, today you can buy cameras entirely made

of plastic, including the lenses.
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The advances in the science of photography has been as

the result of experiments and innovations by individuals as

well as fundamental discoveries made in laboratories in

Europe, the United States and more recently in Japan.

These technological developments have been in the areas of

the camera, chemistry, material sciences and electronic and

mechanical systems.

The beginnings of modern photography can be traced back

to developments in the camera obscura, which took place at

the early part of the 16th century, when the simple aperture

(a pinhole) in the camera obscura was replaced by a lens.

As you recall, during the 16th century the artist Giovanni

Battista della Porta (1535 - 1615) popularized the camera

obscura in his 1558 book Magia Naturalis (Natural Magic). ln

his book Della Parta also described convex and concave

lenses, as well as multiple mirror systems.

The replacement of the pinhole by a lens took an important

step fonrvard as the result of an optical experiment done by

the German Jesuit Christoph Scheiner (1 575 - 1650).
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Scheiner was an astronomer at the time doing research at

the Papal Observatory in the Vatican in Rome. He had read

Galileo the Starry Messenger and took a special interest in

Galileo's telescope and his work on sunspots.

Scheiner was the first astronomer to do a systematic study

of the surface of the sun, and was the first person to ever

study solar flares and prominences.

ln 1630 Sheiner published his Rosa Ursina sive Sol, in which

he described solar flares for the first time.
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With a simple optical telescope the image is inverted with

respect to the object.

Y_..'
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As we know, the eye is a simple optical system which also

inverts the image.

ln the 16th century Leonardo da Vinci had studied the eye

but had made an error in arguing that the reason we see an

upright object was because of a double inversion process

within the eye.
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As part of his study of optics in general, and to try to
understand why inversion occurs with both a telescope and

a camera obscura, Scheiner in 1625 dissected the eye of a

cow by carefully removed the coating at the back of the eye.

With the transparent retina of the cow's eye thus exposed

Scheiner was able to see miniature, inverted images of the

objects that were in front of the eye. This gave him the idea

of replacing the pinhole in a camera obscura with a lens.

The astronomer Kepler (1571 - 1630) had in the early 17th

century developed a mathematical description of thin lens

systems, in particular, how they apply to telescopes.

Scheiner applied Kepler's mathematical description to the

camera obscura with simple lenses. Between Scheiner's

work in the 1630's and the 1830's there were few real

advances in camera obscura technology.
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Since at least the 16th century artists and practical men of

science had also tried to find ways to permanently record the

images from the camera obscura.

Drawings were the first means by which permanent records

were produced of images from the camera obscura. Next

came paintings by artists like Vermeer, who either painted

the images produced by the camera obscura, or else

faithfully recreated some of its optical effects.

Artists also began to use the silhouette art to record the

outlines of objects using the camera obscura. Silhouette art

was popular in the middle to end of the 18th century in

France, England, Germany and Austria.
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The first significant advances towards recording images by

means other than by paintings, silhouettes or drawings arose

just by chance from chemistry experiments with the nitrate of

silver carried out in the 17th century by the ltalian scientist

Angelo Sala who reported that

"when you expose powdered silver nitrate to the

sun, it turns as black as ink."

Sala tried to create permanent images using a silver nitrate

solution painted onto paper. On exposure to sunlight the

paper would darken. The image was not permanent.

Sala and his contemporaries understood that the difficulty

with using silver nitrate to record an image was how to halt

the reaction with Iight so that the picture would not fade

away after the image (a picture) had been recorded.

This process of "fixing the image" would prove a greater

challenge than producing a light sensitive chemical like silver

nitrate. The "fixing" problem was worked on for nearly half a

century from the mid 18th to the early 19th century before it

was solved for the first time.

f
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The challenging of finding light sensitive chemicals and ways

to fix the image not only helped to create the science of

photography, but it also helped to formalize chemistry itself,

which in the early part of the 19th century was still more

alchemy than chemistry.

Up until the first decade of the 19th century the "study of

minerals and elements and their transmutation" was known

as alchemy. Alchemy comes from the Greek word khemeia

which means the art of transmuting metals.

ln the time of Leonardo alchemy was a mysterious and dark

art practiced by the few "initiated" into its practice.

r
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ln fact, prior to the 1gth century and the invention of

photography alchemy had been practiced for several

thousand years. The alchemist felt that the universe had a

mysterious hidden structure.

ln studying, for instance, the properties of the red pigment,

cinnabar (a sulphide of mercury), and a widely used pigment

in medieval times, an ancient alchemist expressed this

mystery in a recipe:

"Now the substance of cinnabar is such that the

more it is heated, the more exquisite are its
sublimations. Cinnabar will become mercury, and

passing through a series of other sublimations, it is

again turned into cinnabar, and thus it enables

man to enjoy eternal life."

(Bronowski, Ascent of Man , p. 123)

ln this simple alchemist's experiment, the heat drives off the

sulphur and leaves behind an exquisite pearl of pure

mercury. Mercury, a liquid metal, remains unchanged in dry

air and oxygen.
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Eventually alchemists discovering a potent acid that reacts

with mercury. lt was Johann Glauber, in 1658, who first

prepared this potent acid from the white compound salpetre.

Johann Glauber (1604-1668) was one of the most famous

chemists of the 17th century. How he got engrossed in

chemistry is rather interesting. When he was 21 he came

down with a fever and was advised to drink the water from a

mineral spring.

After recovering from his illness Glauber analyzed the water

from the mineral spring and extracted from it crystals of a

salt which he called sal mirabile (miracle salt).

This salt sodium sulphate pentahydrate (Na2SO+* 10 HzO) is

today still called glauber salt and has been used as a
laxative since its discovery by Glauber.

Glauber became an expert on sulphates, including the

production of sulphuric acid, before turning his attention to

other rock salts such as salpetre, and the acid produced

from it. lt was Glauber in 1650 who showed that salpetre

could replace manure as a fertilizer.
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Salpetre is potassium nitrate (the name comes from the

Latin phrase sal petrae - salt of rock) and is used as an

oxidizing agent and as a key ingredient of gunpowder

(notice it is salpetre and not salt peter).

The acid produced by the Glauber method, nitric acid

(HNoe) is produced by reacting slatpetre (KNos) with hot

concentrated sulphuric acid (HzSO+).

KNOg + HzSO+

The nitric acid is then distilled from the sulphuric acid and

collected and stored in a quartz container.
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Alchemists gave nitric acid the name aqua fortis, (strong

water) and used nitric acid to produce nitrates of metals,

such as silver nitrate long before the 19th century.

Alchemists also tried to transmute other metals into gold in a

magical fashion, trying strange and progressively more

potent recipes during their quests.

By mixing aqua fortis with hydrochloric acid in the ratio 3 to

1, medieval alchemists eventually created a mixture which

they called aqua regia (royal water) which can dissolve even

gold and platinum, two substances that are normally

chemical inert.

Alchemists had worked with nitrates of metals like silver for a

great many years before anyone thought of studying the

darkening of powdered silver nitrate in sunlight.

When you react nitric acid with silver you get silver nitrate,

Ag t't + HNOg (aq) ----> AgNOo (s) + Hz (sas)

which precipitates out as a solid.
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The chemistry of silver nitrate (AgNOs) is straightfonruard.

When kept out of light it is a colourless, soluble salt. When

exposed to light the silver nitrate reduces back to
microscopic granules of silver metal in a process known as

photochemistry.

Silver nitrate is also easily reduced to metallic silver by

contact with organic matter, such as skin and cloth, and is

for this reason used in medicine, and in making indelible ink.

For many centuries silver nitrate in concentrated form has

been used to cauterize sores and wounds, and for this use it

has the alchemist's name lunar caustic (from the alchemistic

name luna, the moon, for silver).

When administered in a dilute form aqueous silver nitrate is

a potent and effective antiseptic, a germicide and a sterilizer.

As an artistic side note, Dr, Albert Barnes of Merion,

Pennsylvannia and creator of the Barnes Foundation (with

its unique collection of impressionist paintings), made his

millions selling a silver nitrate solution as an antiseptic.
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Dr. Barnes' solution is still in use today as drops put in the

eyes of newborns moments after birth to prevent infection

and blindness.

ln 1727 by Johann Heinrich Schulze, a professor of medicine

at the University of Altdorf in Germany, while studying silver

nitrate's antiseptic properties happened to notice the

photosensitive nature of an aqueous AgNOg solution.

One day, as part of an experiment that had nothing to do

with light, Schulze exposed a flask containing a silver nitrate

solution just by chance to sunlight. After a few minutes he

noticed that the part of the solution that had received direct

sunlight had turned dark purple.

lntrigued, Schulze pasted a paper stencil on the flask and

faced the flask directly towards the sun. After a short

exposure, when he removed the stencil, outlined by the

darkened solution was the whitish, unexposed part of the

solution (a negative silhouette).
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To determine whether it was the sun's light or its heat that

caused the change in colour, Schulze placed a flask of silver

nitrate solution in a hot, dark oven. When he removed the

flask he found it unchanged and so determined it was the

sunlight that caused the colour change.

ln 1777 Karl Wilhelm Scheele (1742-1786), a Swedish

Pharmacist, demonstrated that the colour change was most

pronounced with blue light rather than with red light.

Scheele is best remembered for his discovery of chlorine.

These experiments by Schulze and Scheele were some of

the first experiments ever done on the photosensitive nature

of AgNOa.

The challenge in handling a solution of silver nitrate is that it

reacts with nearly everything. Eventually, silver nitrate would

be replaced with halides of silver, compounds which are less

reactive than silver nitrate but are also photosensitive.
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ln the early 19th century, Thomas Wedgwood, the youngest

son of the great English pottery manufacturer Josiah

Wedgwood, attempted to record images created by a lens in

a camera obscura.

His initial attempts were so poor that he concentrated on

making negative silhouettes, in a fashion similar to those by

Johann Schulze a century earlier, placing leaves and insect

wings on silver sensitized white paper.

Wedwood's experiments were described in a paper written

by the great English Chemist Sir Humphrey Davey (1778 -
1828) and published by the Royal Society in June 1802 titled

"An Accaunt of a Method of Copying Paintings upon G/ass

and making profiles by the agency of light upon nitrate of

silver . lnvented by T. Wedgwaad Esg. with obseruations by

H. Davy." This is one of the first technical description of

photography.

Wedgwood and Davy were once again confronted with the

problem of "fixing" the image. They were a little ahead of

their time and unsuccessful in their efforts.
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ln the 19th century the reduction of silver nitrate was also

used to produce mirrors. This process was perfected by the

French scientist Jean Foucault (1 819 - 1868) who required

special mirrors to do very precise optical experiments.

ln Foucault's silvering method, plate glass is polished,

cleaned and rinsed with distilled water. Then the glass is

flushed with a solution of a reducing agent (i.e. tin chloride,

Rochelle salt, acetic acid). lmmediately a solution of silver

nitrate and ammonia is poured over the glass and left

undisturbed for about an hour.

The reduction of the silver nitrate produces a film of metallic

silver, which after drying is protected by a thin layer of

lacquer. Left unprotected the silver would tarnish as it
reacted with sulphur compounds in the air.

This process is known as "French Silvering" and is still used

on expensive mirrors and some reflecting telescopes

produced today. By controlling the rate of the reaction and

therefore the thickness of the silver layer, it is possible to

produce "half-silvered" mirrors that let a certain amount of

light through the mirror.

(17)
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About the time that efforts were underuay to solve the

"fixing" problem in photography, the process of blueprinting

was being invented by Sir John Herschel (1792 - 1821) an

English Astronomer and the son of the eminent Sir William

Herschel (Sir William Herschel discovered the planet Uranus

in 1781, the first planet to be discovered in modern times).

Herschel's invention of blueprinting was an effort to find

other ways to fix images on paper without the use of silver.

His procedure is rather remarkable and speaks to his genius.

White paper is coated with a thin film of ferric ammonium

citrate and potassium ferricyanide. This sensitized paper is

then covered with tracing paper containing the design to be

reproduced.

ln darkness the reaction does

does not react with potassium

light.

not occur because a ferric salt

ferricyanide in the absence of

When exposed to light, the ferric ammonium citrate is

reduced to a ferrous salt, which then reacts with the

potassium ferricyanide forming Turnbull's blue.
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ln places where the sensitized paper has been exposed to

light, that is, wherever the design on the tracing paper has

not protected it, the paper will be blue. ln places where light

has not reached it, the paper remains white.

After exposure, the excess chemicals are washed off in

running water, leaving the blue precipitate clinging to the

paper.

We have today replaced "blueprinting" with other means of

replicating architectural and engineering drawings, however,

we still as a matter of convention call the replication of

drawings "Blueprinting."

With modern computer systems and software (CADD),

blueprints are being replaced with electronic files and direct

replication using raster film recorders, and plotters.

As we shall see Sir John Herschel played a key role in

solving the "fixing" problem in photography.
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As mentioned above, the challenge in handling a solution of

sifuer nitrate while doing photography is that it reacts with

nearly everything. Silver nitrate is also an oxidizer, which

means that it is flammable and dangerous.

Silver nitrate is now replaced with halides of silver, which are

less reactive than AgNOs but are also photosensitive. The

halides of silver that are used in photography include silver

chloride, silver bromide and silver iodide.

The halides of silver are produced by reacting a salt with the

silver nitrate to produce the halide:

KX laqy + A$NO3 (aq)

with the silver halide AgX precipitating out as small crystals

because of its low solubility in water.

Practical photography began in 1839 with the publication of

two entirely different methods of permanently recording

optical images. We shall return to these technological

developments in Part 2 af Science of Photography.
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